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IimOlXTCTION 

Several important talents have heen found to he 
very necessary for success in training for good ^ohs 
with a fiiture. Your ability in these skills may he 
measured and used as indicators of your chances of 
success at different times during your lifetime* 
Therefore, how well you do in life may depend on how 
well you master these exercises. 

This booklet is the third in this series and 
continues the exercises of Parts A and B. Part D 
will contain exercises very similar to those in this 
booklet. Practice in doing these exercises should 
increase your ability to succeed in important training 
programs later on. 

The answers to these exercises have been printed 
separately and supplied to the teachers only. 
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Exercise l6 



GEimNG THE I13EA 
(Abstract Reasoning— Part 5) 



Before attenipting to do these nev problems 
you should review the past exercises on abstract 
reasoning. Refresh your memory regarding the 
principles of direction^ size^ and. relative motion. 

Always remember that each problem may use one 
or more principles. 

Several problems in this exercise contain a 
new principle. It is a simple principle and you 
will be able to find the answer without too much 
difficulty. 

When your teacher tells you, tusi’n the page and 
start the exercise. Circle the letter under the 
box which has the drawing you think is correct. 
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Exercise 17 
Part 1 



THE STEAM ENGIlilE 




STEAM CHEST 




% 

CYLINDER 
D VALVE 



RISTON 



EXHAUST 



PORTS 



This is a diagram of the steam chest, cylinder, piston, and 
D valve of a railroad locomotive. Steam under high pressure goes 
from the boiler to the steam chest, Prom the steam chest it is fed 
alternately through the two small openings, called ports, into the 
cylinder, OSie upper port is open in the lefb-hand diagram. 

The steam esqp&nds as it enters the cylinder. The expanding 
steam pushes the piston toward the other end of the cylinder. At 
the same time^ the old steam goes out of the other side Ox the 
piston throu^ the other port to the erfiaust in the center. 

When the piston nears the end of the cylinder, the port that let 
the steam in is closed by the D valve. When the D valve moves, the 
other port opens, letting steam in on the other side of the piston. 
The steam then forces the piston back to its former position. This 
is shorn in the right-hand diagram. 

When the piston nears the other end of the cylinder, the D valve 
again moves, closing the bottom port and opening the top one. The 
cycle then starts all over again. 



o 
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Exercise 17 
Part 1 



QUESTIONS 



These questions refer to the diagram of the steam engin©» 
Put a circle around the letter in front of the correct answer. 



1. Nhen the stea® leaves the 
steam pipe^ 1 °^ goes first to the 

A. cylinder. 

B. boiler. 

C. exhaust valve. 

D. steam chest. 

2. When the steam leaves the 
steam chesty it enters 

A. the steam pipe» 

B. the cylinder. 

C. the boiler. 

D. the exhaust valve. 



3. The movement of the piston 
forces the old steam 

A. throu^ the exhaust. 

B. back to the steam chest. 

C. into a steam pipe. 

D. into a comer of the 
cylinder. 

4. The D valve is located in the 

A. piston. 

B. cylinder. 

C. steam chest. 

D. boiler. 
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Exercise 17 
Part 2 



A EOOARr PUMP 



DISCHARGE 




SUCTION 



This is a rotary pisiip* Gears A and B rotate in opposite 
directions. Gear A is driven ty a pover source and gear B turns 
freely. Liquid enters the purnp at the hottom and is carried up 
to the discharge in the small spaces formed between the gear teeth 
and the wall of the pump chamber. 

As the gears carry the liquid away from chamber C, a pair of 
teeth open up at the center of the pump. This reduces the pressure 
in chamber C. As a result, liquid comes up the suction pipe. 

When each pocket of liquid caught between the teeth and the 
side of the pump reaches chamber D, it is prevented from returning 
to chamber C by the meshing of gears at the center of the pump 
chamber. The gear teeth are designed to form a continuous seal 
•toere. The liquid is then forced out of the pump thro\i^ the 
discharge pipe. 



Exercise 17 
Part 2 



Rotary punips are "widely used to pump lulsricatiiig oil in 
automoMle engines. They do not take much po"wer to operate. 



QUESTIOMS 



These viUestions refer to the diagram of the rotary pump. 
Put a circle around the letter in front of the correct ansx^er. 



1. The liquid flo"ws from 

A. C to D. 

B. I) to C. 

2. The liquid flows 

A. between the gears. 

B. around the outside of 
the gears. 

3* The pressiare is greater in 

A. chamber C. 

. B. chamber B. 



i|-. Liquid flows into 

A. chamber C. 

B. chamber D. 

5. The liquid is carried 

A. more by gear A. 

B. more by gear B. 

C. equally by each gear. 
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Ibcercise 17 
Part 3 



A SIMPLE SERIES CIRCUIT 



.1 

BATTERY JIL 

■I 



&(y- 

BULB I 




BULB 2 SWITCH! 



jQThOb ^ 

SWITCH 2 BULB 4 BULB B 



This is a diagram of an electric circuit. When the two 
switches are closed^ the electric current goes from one terminal 
of the battery and flows throu^ the wires, bulbs, and switches 
(throu^ points A, B, C, D, E, F, G, H, I, J, K, and L, in turn) 
back to the other terminal of the battery. Current will not flow 
if either of the switches is open. The switches are shown open 
in the diagram. 

When both switches are closed, all four bulbs will li^t up. 
Removing a bulb will break the circuit just like opening a switch 
does. If the circuit is broken at any point, then no electric 
current will flow through any part of the circuit. In the past, 
Christmas tree li^ts were wired like this. When one bulb biirned 
out, all the lights on the string went out. 

This kind of a circuit is called a series circuit. For it to 
work there must be a continuous flow of current from one terminal 
of the battery to the other. 
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Exercise 17 
Part 3 



QUESTIONS 



Diese questions refer to the diagram of the sirtrple series 
circuit.’ Put a circle around the letter in front of the correct answer. 



SrOTB: Lights connected in series share the voltage. It is assumed 

in these questions that the voltage is such that none of the 
hulhs ¥111 burn out. 



1. As the diagram is drawn, \diat must 
be done to make bulb 4 burn? 

A. Close both switches 

B. Close neither switch 

C. Close switch 1 only 

D. Close switch 2 only 

2. With both switches closed and 
and bulb 4 removed 

A. only bulb 1 will burn. 

B. only bulbs 1 and 2 will bum. 

C. only bulbs 1, 2, and 3 will 
burn. 

D. no bulbs will burn. 

3. If points D and G are connected 
directly by a wire, and switch 2 
is closed 

A. only bulbs 1 and 2 will bum. 

B. only bulbs 3 ^ will bum. 

C. all four bulbs will bum, 

D. no bulbs will burn. 



4. If point D is connected to 
the negative terminal 

A. only one bulb will bum. 

B. only two bulbs will burn. 

C. only three bulbs will burn. 

D. all four bulbs will burn. 

5 . If point D is connected to 
point H, and switch 2 is closed 

A. only one bulb will bum. 

B. only two bulbs will burn. 

C. only th]?ee bulbs will bum. 

D. all four bulbs will burn. 

6. VJhich of these actions will 
make only bulb 1 burn if wire BC 
is removed? 

A. Connect B and I 

B. Close switch 2 

C. Connect A and K 

Do Connect B and L 



Exercise 17 
Part 4 



THE VACUUM POHER CYLINDER 



INTAKE 



PRESSURE APPLIED 




PRESSURE RELEASED 



INTAKE 




The vacutun power system is used to operate power brakes on 
automobiles and trucks. These diagrams show how it operates. 

The vacuum power cylinder contains a piston. The piston is con- 
nected to a pull rod which operates the brakes. 

!Ihe brake pedal operates the valve just to the left of the 
cylinder. When the valve is opened, air is exhausted from the 
cylinder to the left of the piston. The top picture shows the 
open valve. 
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Exercise 17 
Part 4 



Atmospheric pressure acts on the ri^t side of the piston* 
Atmospheric pressure is the wei^t of the air in the atmosphere* 
Air wei^s ahout 15 pounds per square inch at sea level* ^is 
pressure exerts a powerful force on the brakes • ®ie area of 
the piston acted on by the atmospheric pressure decides the 
amount of braking effort c 

Bie bottom picture shows the valve closed* The chamber to 
the left of the piston is shut off from the vacuum of the intake 
manifold* This valve :,ets air into the cylinder, releasing the 
piston and the brakes* The piston returns to its original (first) 
position by means of he spring seen on the right side of the 
drawing. 



QUESTIONS 



These questions refer to the diagrams of the vacuum power 
cylinder. Put a cfrcle around the letter in front of the correct 
answer. 



1. After the brake peda'i pressure 
is applied, the val e is 

A. open. 

B. closed. 

2. Air is exhausted from’ the ri^t 
side of the cylinder by the 
return movement of the 

A. piston. 

B. manifold. 

3* Air exhausted from the left side 
of the piston leaves the cylinder 
and goes to the 

A. pull rod. 

B. intake manifold. 



4. 'When the valve is closed, there 
is atmospheric pressure on 

A. one side of the piston. 

B. both sides of the piston. 

5« In the upper diagram, the white 
arrows stand for 

A. atmospheric pressure o 

B. the pumping of the piston. 

6. The piston is moved to the 
ri^t by 

A. atmospheric pressure. 

B. spring tension. 
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Exercise l8 



SEEING THINGS IN THREE DIWSIONS 
Brick Counting— Part l) 



Before doing this exercise go back and quickly review the 
exercises on Block Counting (Exercises 11 and ik of Part B), 

In this exercise you are to count the number of bricks 
in each drawing. It is iurportant for you to remember that all 
the bricks used in this exercise are the same size. 

Example #1 shows two bricks (A and B). Both bricks are 
identical— that is, bricks A and B have the same height, width, 
and thicfeisss. 



EXAMPLE 1 









Sbcaniple ^ has 4 hrlcks. Notice that bricks C and D touch 
brick B. This means that the long side of the top of brick B 
is twice as large as the short side of the tops of bricks C and D. 

immE 2 



Bj&ample ^3 is s picture of 8 bricks. Bricks and 
H touch bricks A, B^ and D. !Bie Important rule to remember in 
this example Is that each brick Is four times as tall as It Is 
thick. 
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Hov many "bricks are in example 
EXAMPIE h 




OChere are six "bricks which you can see (A^ B, C, E, and 
X), hut you know that there are three more hricks under hrick E 
(look at example #3). These three hricks cannot he seen because 
hrick X is in the way. The answer is hricks. 

Directly under each problem there is a line. Put your 
answer on this line. 
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Exercise l8 



SEEING THINGS IN THREE DIMEiNSICIIS 
(Brick Counting— Parb 2 ) 



In Part 1 of this exercise you learned to count all the 
bricks in each pictiare. In this part of the exercise the idea is 
to find how inany bricks are touching lettered bricks. How many 
bricks are touching brick k in the example below? 

EXAMPLE 1 




There are only 3 bricks in the picture and 2 bricks are 
touching A5 therefore , the answer is 2- . 
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!Do not count a brick because its edge touches a lettered 
brick. Study the exaztiple below and again find how many bricks 
are touching brick A. 




The answer to this problem is still 2 even though the edge 
of a third brick is touching brick A. Bemember: never count a 

brick Just because its edge touches a lettered brick. 



In the next example^ find how mai:^ bricks are touching brick A 
and then find how many bricks are touching brick B. 
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Bricks 1 , 2 , 3 , and 4 are all touching hrick A. Bie answer is 
4 « !Ehe answer to B is also 4 > Even thou^ you can see only 
hrick ^ touching hrick B, you know that hricks 1> 2, and 3 are also 
touching hrick B. 

Ohe next example is exactly like the problems you will have to 
solve in this exercise. Find how many hricks are touching hrick A 
and then hrick B, and finally hrick C. Put your answer to each 
question on the line to the right of each corresponding letter. 

EXAMPLE 4 




Brick A is touching 4 hricks. It is on top of one hrick and 
it also touches hrick B and two hricks behind B. Brick B touches 
8 hricks. There are four hricks behind B and two on each side. 

B touches all of these hricks. Brick C is placed in the same way 
as hrick A. It touches 4 hricks in the same way as A. 
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Drill 2 
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Exercise 19 
Part 1 



THE FOUR-CYCLE GASOUIiE ENGIME 



FUEL'AIR MIXTURE 
ENTERING CYLINDER 



AIR ENTERING 
CARBURETOR 



EXHAUST 

VALVE 

CLOSED 



STON 

IVING 

OWN 




FUEL'AIR MIXTURE 
BEING COMPRESSED 



BOTH VALVES 
CLOSED 



FUEL DISCHARGING 
FROM CARBURETOR 
NOZZLE 



VALVE TAPPET 
LIFTING VALVE 



CAM LOBE LIFTING 
VALVE TAPPET 




PISTON 

MOVING 

UP 




INTAKE 



COMPRESSION 



POWER 



The drawings show the four strokes in 
a four-cycle gasoline engine. The intake 
stroke brings the air-and-fuel mixture into 
the cylinder. The piston moves down and 
the intake valve opens. Air entering the 
carburetor mixes with fuel coming from the 
carburetor nozzle. This mixture goes into 
the cylinder through th'" open intake valve, 

compression stroke commences when 
the intake valve closes and the piston is 
pushed up into the cylinder. This presses 
(compresses) the mixture into a small, space. 



EXHAUST VALVE INTAKE VALVE 

OPEN CLOSED 




EXHAUST 



When the compression stroke ends, the power stroke begins. This 
is when the piston gets to the top of the cylinder and the mixture is 
ignited. The ignition system suddenly makes an electric spark in each 
cylinder in turn when the piston reaches this position. It is this 
spark that ignites (sets on fire) the mixture. 
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Exercise 19 
Part 1 

As the mixture hurns^ it expands greatly and this forces the 
piston hack dovn. The force goes through the connecting rod to 
turn the crankshaft. 

After the mixture of gas and air has humed^ it must he 
removed from the cylinder, T'^hen the power stroke is finished, the 
piston moves up and the exhaust valve opens. The gases are then 
forced out of the cylinder as shown hy the small hlack arrows 
in the bottom picture. 

The engine is then ready for the intaike stroke again. In a 
four-cycle engine with four cylinders a different stroke is going 
on in each cylinder at any one time. 



QUESOTOIirS 



These questions refer to the diagrams 
engine. Put a circle around the letter in 



1, Piiel and air enter the cylinder 4, 

through the 

A, open intake valve, 

B, e:diaust valve , 

C, piston, 

D, valve tappet, 

2, When the piston moves up for the 
second stroke, the fuel-air mixture 
is 

A, pushed out, 

B, pulled in, 

C, compressed, 

B, exhausted , 

3, An electric spark sets the mixture 
on fire, and the pressure from the 
expanding gases 

A, forces the piston up, 

B, pushes the piston to the side, 

C, opens the valves, 

D, pushes the piston down, 
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of the four-cycle gasoline 
front of the correct answer. 

During the last stroke, the 
hiarned mixture 

A, pushes the piston down 
again, 

B, leaves the cylinder through 
the exhaust valve, 

C, leaves the cylinder through 
the intake valve, 

D, cannot escape , 

5, Which one of the following is 
not one of the four strokes? 

A, Intake stroke 

B, Compression stroke 

C, l^ark stroke 

D, Exhaust stroke 











Exercise 19 
Part 2 



THE HAM) PUMP . 




SURFACE 



The diagram shows a hand pump for pumping water from a well. 

It raises water by producing a partial vacuum in the pipe to the 
well, A partial vacuum means that the air or water pressure inside 
the pipe is less than that of the air outside, ®ie atmospheric 
pressure forces the water up the pipe by pressing down on the 
surface of the water in the well. 

The pump handle is attached to a piston in which is mounted 
valve 1, At the bottom of the cylinder is valve 2, 
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Exercise 19 
Part 2 



TAien the handle of the pump is lifted^ as in the left-hand 
picture, the piston goes down in the cylinder. When this happens, 
valve 1 opens and valve 2 closes. Then when the handle is pushed 
down, like in the right-hand picture, the piston goes up, which 
causes valve 1 to close and valve 2 to open. This is the pumping 
stroke when water comes out the spout of the pump. 

If a pump made a perfect vacuum it could lift water 3^ feet. 
The hand pump we have described usually can lift water about 
25 feet because it can make only a partial vacuum. 



This pump works on the same principle as sucking water through 
a straw. As you suck on the straw you create a partial vacuum in 
the straw. The weight or pressure of the atmosphere pushes the 
water up the straw by pressing down on the surface of the water in 
the container. 

QUESTIONS 

These questions refer to the diagrams of the hand pump. Put 
a circle around the letter in front of the correct answer. 



1. Water comes otit of the spout 

when I 

I 

A. the piston is going down, 
valve 1 is open. 

C. the handle is going up. 

D. the handle is going dowri. 

2. On the down stroke of the handle 

A. valve 1 is closed and 
valve 2 is open. 

B. valve 2 is closed and 
valve 1 is open. 

C. both valves are closed. 

D. both valves are open. 



3- On the up stroke of the handle 

A. valve .1 is closed and 
valve 2 is open. 

B. valve 2 is closed and 
valve 1 is open. 

C. both valves are closed. 

D. both valves are open. 

4. Water rises in the pipe below 
the pump when 

A. the piston is going down. 

B. the handle is going up. 

C. the piston is going up. 

D. valve 2 is closed. 



o 

FRir 
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Exercise 19 
Part 3 



A VACUUM TUBE 





The vacuum tube pictured here is called a triode. The cutaway 
drawing shows how the parts actually look. The diagram shows how 
the parts work. 

Triode means three elements. Ihey are the cathode^ the 
plate (or anode )> and the grid. There is also a filament^ used 
to heat up the cathode to make it give off electrons. 

In the cutaway drawing the filament is shown in the middle 
of the cathode. Bie grid is the fine wire coil outside the 
cathode. Qhe plate is outside the grid. This is sometimes 
called a vacuum tube because most of the air has been taken out 
of it. 

Bie triode works like a valve. When the cathode is heated by 
the filament, current will flow between the cathode and the plate 
in only one direction. This happens when the cathode is negative 
and the plate is positive. 



Exercise 19 
Part 3 



The grid acts to regulate this flow of electrons between the 
cathode and the plate, A weak fluctuating (or changing) current in 
the grid circuit controls a strong current between the cathode and 
anode. Thus the current which reaches the plate will be similar to 
but stronger than the original weak current. 

This is how radio waves are amplified or made stronger. 



QUESTIONS 



These questions refer "3 the diagram of the vacuum tube. Put 
a circle around the letter in front of the correct ansT-^er. 



1. The cathode is directly between 
the filament and the 

A. antenna. 

B. grid. 

C. battery. 

D. rectifier. 

2. Current is weaker in the 

A. grid. 

B. cathode. 

3. The air pressure in the tube is 

A. greater than the outside air. 

B. less than the outside air. 

C. the same as the outside air. 



If. A weak radio signal that is to 
be aiDplified goes to the 

A. filament. 

B. cathode. 

C. plate. 

D. grid. 

5. Heat is siipplied by the 

A. plate. 

B. grid. 

C. filament. 

D. cathode. 

6. The grid is directly between 
the cathode and the 

A. plate (anode). 

B. filament. 

C. diode. 

Dc triode. 
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Exercise I 9 
Part 4 



THE COIL-TYPE GAUGE CIRCUIT 




The amoiurb of gasoline in the gas tank of an automohile is 
shown hy the fuel gauge. There are many types of fuel gauges. 

One of the most common is the coil type shown here. It is an 
electrical fuel gauge and usually works only when t Ignition 
switch is on. You can see the ignition switch in the diagram. The 
power comes from the hattery. 

The sending unit that you see on the bottom right is located 
at the fuel tank. The sending unit has a float and arm assembly. 
The fl o at and arm assembly is connected to the sliding contact of 
a rheostat. 

As the level of the fuel in. the tank changes, the position of 
the contact on a rheostat changes. The change in position causes 
circuit resistance to change. When circuit resistance changes, the 
current flow changes. This current is what makes the operating 
coil pull stronger or weaker than the limiting coil» 



o 
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Exercise 19 
Part k 

) 

On tUe dia^rani^ the dotted line shows the partly full 

position on the sending unit. !Ehe heavy line shows the eicpty 

% 

position. 

Notice that the gauge has two magnetic coils. One is the 
limiting coil, other is the operating coil. Bie gauge also 

has a permanent n^agnet attached to the gauge needle. When the 
■ hpnTc is emptyji the limiting coil is stronger than the operating 
coil; drawing the magnet on the needle toward the limiting coil. 
The needle then points to "E" (empty). 



QUESTIONS 

These questions refer to the diagram of the coil-type gauge 

circuit. Put a circle around the letter in front of the correc‘“ 

answer . 

1. When the tank is empty, which 
coil is stronger? 

A. Iiimiting coil 

B. Operating coil 

2. When the operating coil has 
the stronger pull, the tank is 

A. empty. 

B. not empty. 

3. A part of the gauge system 
which is located at the gas 
tank is the 

A. ammeter. 

B. rheostat. 

C. operating coil. 

D. limiting coil. 



1|.. Current to the operating coil 
is caused to change by the 

A. connector. 

B. battery. 

C. ammeter. 

D. float and arm. 

5. The rheostat is part of the 

A. limiting coil. 

B. operating coil. 

C. sending unit. 

D. fuel gauge. 
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Exercise 20 



GETTING THE IDEA 
(Abstract Reasoning— Part 6) 



In doing Abstract Reasoning problems it is important 
to get the idea of what is happening. In Exercise 13^ 
Part B of the Vocational Talent Exercises, you were given 
problems to do with series of numbers. Please go back to 
that exercise and review the instructions. 

Sometimes the numbers in the series went up one at a 
time, or two, or three or more at a time. Sometimes the 
numbers went d.own in even steps. Other series went up or 
down an increasing amount. 

You will find these same combinations again in the 
drills with this exercise. 

You will also find another kind of series, where the 
differences go up or down in a pattern. Look at this 
series; 



1, 2, 12, 13, 23, so on 

You will notice that the difference between the n-umbers 
is plus one, plus ten, plus one, and plus ten. When we 
continue this pattern, the next number would be one more 
than 23, or 2h. 




o 



You will find that sometimes the numbers go down. VIhen 
the same pattern is subtracted, the series will look like 
this: 



50, 49, 39, 38, 28, and so on 

The successive differences are minus one, minus ten, 
minus one, minus ten. In this example, the next number 
would be minus one again, or 27. 

Other series of numbers may go and down in the same 
series. Take the example below: 

10, 1^, 13, 18, 16, and so on 

Here the successive differences are plus five, minus 
two, plus five, and minus two. This means that the next 
number will be I6 plus five, or 21. 

It is suggested that in order to be sure of the 
pattern, you actually write in the difference between numbers, 
like this: 

15, 16, ^ 19, 20, ^ 23, and so on 

Now for the drills: 
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Drill 1 




f : 

I 

h- 



Fill in the next number of the series in the space to the right. 



1) 


26, 


29, 


33, 


38, 


44, 


17) 


1, 


11, 


19, 


25, 


29; 


a) 


47, 


42, 


38, 


35, 


33, 


18) 


4l, 


44, 


46, 


49, 


51; 


3) 


38, 


37, 


34, 


29, 


22, 


19) 


62, 


65, 


63, 


66, 


64; 


4) 


95, 


9^, 


92, 


89, 


85, 


20) 


81, 


78, 


74, 


69, 


63 


5) 


^9, 


49, 


51, 


51, 


53, 


21) 


95, 


9^, 


92, 


91, 


89 


6) 


63, 


6o, 


59, 


56, 


55, 


22) 


12, 


16, 


21, 


27, 


34 


7) 


74, 


75, 


76, 


77, 


78, 


23) 


58, 


74, 


82, 


86, 


88 


8) 


48, 


51, 


50, 


53, 


52, 


24) 


98, 


95, 


93, 


90, 


88 


9) 


33, 


28, 


23, 


18, 


13, 


25) 


25, 


22, 


19, 


16, 


13 


10) 


36, 


35, 


38, 


37, 


^0, 


26) 


15, 


20, 


30, 


^5, 


65 


11) 


73, 


72, 


74, 


73, 


75, 


27) 




46, 


42, 


36, 


28 


12) 


56, 


65, 


72, 


77, 


80, 


28) 


6, 


8, 


11, 


13, 


16 


13) 


6o, 


62, 


59, 


61, 


58, 


29) 


57, 


55, 


53, . 


51, 


^9; 


14) 


63, 


63, 


64, 


64, 


65, 


30) 


87, 


87, 


86, 


86 , 


85 


15) 


17, 


18, 


15, 


16, 


13, 


31) 


81, 


83, 


82, 


84, 


83 


16) 


24, 


29,' 


34, 


39, 


44, 


32) 


8, 


10, 


12, 


1^, 


16 
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Drill 2 



Fill in the next niuiiber of the series in the space to the ri^t. 



1) 


34, 


27, 


21, 


16, 


12, 


17) 


77, 


76, 


75, 


74, 


73, 


2) 


^1, 


m. 


4o, 


4o, 


39, 


18) 


65, 


59, 


54, 


50, 


47, 


3) 


34, 


18, 


10, 


6, 


l^, 


19) 


14, 


12, 


15, 


13, 


16, 


4) 


14, 


’l5» 


17, 


21, 


29, 


20) 


63, 


VO 


74, 


78, 


81, 


5) 


^1, 


39, 


36, 


34, 


31, 


21) 


54, 


57, 


60, 


63, 


66, 


6) 


50, 


53, 


54, 


57, 


58, 


22) 


65, 


62, 


56, 


47, 


35, 


7) 


67, 


68, 


71, 


76, 


83, 


23) 


52, 


50, 


50, 


k&. 


48, 


8) 


19, 


20, 


22, 


23, 


25, 


24) 


97, 


98, 


96, 


97, 


95, 


9) 


in, 


39, 


36, 


32, 


27, 


25) 


79, 


83, 


87, 


91, 


95, 


10) 


82, 


82, 


83, 


83, 


84, 


26) 


69, 


74, 


78, 


81, 


83, 


11) 


23, 


24, 


26, 


29, 


33, 


27) 


33, 


29, 


25, 


21, 


17, 


12) 


61, 


63, 


67, 


73, 


Si, „ 


28) 


70, 


61, 


54, 


49, 


46, 


13) 


T9, 


89, 


81, 


75, 


71, 


29) 


17, 


19, 


22, 


26, 


31, 


14) 


33, 


30, 


32, 


29, 


31, _ 


30) 


31, 


28, 


29, 


26, 


27, _ 


15) 


17, 


15, 


11^, 


12, 


11, 


31) 


44 


47, 


53, 


62, 


74, 


16) 


85, 


80, 


70, 


55, 


35, 


32) 


9, 


11, 


12, 


l4. 


15, 
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Exercise 21 
Pert 1 



»PHE TOn»f! YOEE EWflUCB 



PISTON 



INTAKE PORT 





This diagram shows how one type of two-cycle gasoline engine 
works o The two-cycle engine needs only two piston strokes instead 
of four like most automobile engines. Two-cycle gasoline engines 
are used for outboard motors, lawn mowers, li^twei^t motor- 
cycles, etc. 

The left-hand picture shows the sta 3 rb of the power stroke. The 
spark plug has Just ignited the compressed fuel-and-alr mixture. As 
the piston comes down it covers the inlet, A fraction of a second 
later the esbaust port is uncovered, letting the burned ^ses out. 
Slightly later the intake port is uncovered by the moving piston and 
the fuel-and-air mixture moves up around the piston from the crankcase. 
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Exercise 21 
Part 1 



Die intake port is still open as the piston starts “back up. 

Diis is ^own in the ri^t-hand picture. The shape of the top of 
the piston helps direct the incoming mixture up into the cylinder. 

As the piston moves hack up, several things happen. First the 
intake port is closed hy the top of the piston. Dien the inlet is 
opened hy the bottom of the piston. Dien the exhaust port is covered 
hy the cylinder. Next the piston compresses the fuel-and-air mixture 
above it, and finally more fuel-and-air mixture is sucked into the 
cramkcase throu^ the inlet. 

When the piston reaches the top of its stroke, the spark plug 
is fired, starting the process all over again. 

Notice that there are no valves in the cylinder head, of this 
engine like there are in a four-cycle engine. 



These questions refer to the diagram of the two-cycle engine. 
Put a circle around the letter in-fl’ont of the correct answer. 



QUESTIONS 



1. When the piston moves up, the 
fuel and air enter the crank- 
case throu^ the 



3. Once the mixture has been 
burned, it goes out throu^ 



A. exhaust port. 

B. intake port. 

C. cylinder. 

D. inlet. 



A. the inlet. 

B. the intake port. 
C« the crankcase. 

D. the exhaust port. 



2. The fuel-air mixt\ire enters 
the cylinder throu^ the 



4. After the spark plug fires 
on the power stroke, the 
first port to open is the 



A. intake port. 

B. inlet. 



C. intake valve. 

D. exhaust port. 



A. intake port. 

B. inlet. 

C. exhaust port. 

D. none of the above. 



Exercise 21 
Part 2 




[ 

I A UQPID COOLING SY5TIM FOR AUTOMOBILE ENGIIJES 



CYLINDER DLOCK WATER OISTRIEUTOR TUBE 



RADIATOR HOSE 



RADIATOR FILLER CAF 




UPPER TANK 



ENCINE WATER JACKET 

AROUND CYLINDERS 



lower tank 



WATER PUMP 
BY.PASS 
ELBOW 




RADIATOR HOSE 
OUTLET (UPPER) 



RAOUTOR 
OUTLjET TUBE 

RADIATOR HOSE 
OUTLET (LOWER) V2/ 



Most automobile engines use a liquid system like the one shown 
here. A cooling system carries away the heat of combustion from 
the cylinders. 

Any liquid that is used in a liquid cooling system is called 
a coolant. Most liquid cooling systems work by circtilating the 
coolant around the hottest parts of the engine. These hottest parts 
are the cylinder block and the cylinder head. 

The coolant is punned through the passages of the cylinder 
block and up into the cylinder head. The coolant leaves the 
cylinder head through an opening or outlet at the top. 




'i 





I 



-kk . 



©© 





Exercise 21 
Part 2 

The coolant then leaves the engine and goes throng an upper 
hose connection to the radiator. A stream of air helps remove 
the heat from the coolant. The air is forced throu^ the radiator 
both hy the fan and hy the forward motion of the automobile. 

The coolant goes throu^ an outlet tube to the water pump. 

The water pump forces the coolant throTJ^ the cylinder blocks 
starting the cycle all over again. The arrows show the path 
taken by the coolant. 



QUESTIONS 



These questions refer to the diagrams of the liquid cooling 
system for automobile engines. Put a circle around the letter in 
front of the correct answer. 



1. In the diagram, the water Jacket 
is shown covering 

A. the lower tank. 

B. the fan belt. 

C . the cylinders . 

D. the radiator hose. 



3. As the coolant circulates, 
it enters the radiator 

A. at point A. 

B. at point B. 

C. at point C. 

D. at point D. 



The 


arrows in the diagram 4. 


Nhen 

the 


it leaves the radiator, 
coolant goes to 


A. 


show how the heat from the 






engine travels. 


A. 


the water pump. 


B. 


show how the coolant travels. 


B. 


the upper tank. 


C. 


point out the parts of the 


C. 


the fan. 


D. 


engine and radiator, 
show how the fan moves. 


D. 


the thermostat. 
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Ebcercise 21 
Part 3 



A SIMPLE DIRECT CURRENT MOTOR 




Without magnetism an electric motor would not work. It works 
because of the reaction of the magnetic field of the armature to 
the magnetic field of the field coil. The field coil is the fdxed 
part of the electric motor. and the armature is the part that turns. 

Current from the battery enters the coil throu^ one of the 
brushes and one of the commutator segments, and leaves throu^ 
the other commutator segment and the other brush. As the current 
flows throu^ the coil it makes a magnetic field around the wires 
of the coil. The magnetic field reacts against the magnetic lines 
of flux, causing the armature coil to turn one -half turn. 

When the armature coil has turned half way the current is 
changed by the commutator. The part of the commutator which was 
positive before now becomes ne^tive, and the part that was 
negative becomes positive. This makes the current run in the 
other direction in the coil, causing the coil to take another 
half turn. The commutator causes the direction of the current 
to reverse again, keeping the motor armature turning as long as 
there is current being supplied. 



o 
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Exercise 21 
Part 3 



T »hf p is a very simple electric motor. More complicated ones 
have many more coils and many more segments to the commutator. Some 
of them have many more field coils also. 



QUESTIONS 



These questions refer to the diagram of the siniple direct current 
motor. Put a circle around the letter in ffont of the co3^ec;fe , answer • 



1. In an electric motor, which part 
does the electric current flow 
throu^? 

A. The flelf. coll 

B. The magnetic lines of flux 

C. The armature coil 

D. The stator 

2. Which way does the current flow 
through the armature coll? 

A. Clockwise (^ ) ^ 

B. Counterclockwise ( ^ ) 

C. It changes direction as the 
armature rotates. 

D. There is no way of knowing. 



3. Which of the following things 
rotate with the armature as it 
turns around? 

A. The brushes 

B. The commutator 

C. The battery 

D. The field coil 

k. In the diagram, \diich way is the 
armature moving? 

A. Clockwise 

B. Counterclockwise 

C. Prom left to ri^t 

D. Prom ri^t to left 
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Exercise 21 
Part 4 



A GEAR TRAIN 



24 TEETH 



30 teeth 



DRIVINC 
GEAR 




12 REV. 



I REV 



DRIVEN GEAR 



The picture shows six spur gears mounted on four shafts. The 
number of teeth in each spur gear is shown. Also shown are the 
speed ratios for the various pairs of gears. 

Because gear fi has half as many teeth as gear/|i, gear B will 
have to turn twice for every turn of gear A. Gear C also turns 
twice for every turn of A because it is fixed to the same shaft as 
gear B. 

Gear D will turn three times as fast as geai C because it has 
only one third the number of teeth. That means that idiile gear A 
makes one turn, gears B and C will make two turns, and gear D will 
make six tiirns. Gear E will also make six turns for every turn of 
gear A because it is fixed to the same shaft as gear D. 



Gear P will turn twice for every turn of gear E because it is 
only half as big. This means that for every turn of gear A, gear F 
will turn twelve times. 



Exercise 21 
Part k 

Like spur gears in simple gear trains, meshing gears move in 
the opposite direction. That means that idien gear A turns clock- 
wise, gears B and C turn counterclockwise, gears D and E turn 
clockwise, and gear P turns counterclockwise. 



These questions refer to the diagram of gear trains. Put a 
circle around the letter in front of the correct answer. 



QUESTIONS 



1. Which of the following gears 
moves fastest? 



4 . What is the speed ratio between 
gears A and C? 



A. Gear A 

B. Gear C 

C. Gear E 

D. Gear F 



A. 2 to 1 

B. 3 to 1 

C. 6 to 1 

D. 12 to 1 



2. Which gear moves at the same 
speed as gear E? 



5. What is the speed ratio between 
gears B and E? 



A. Gear A 

B. Gear B 

C. Gear D 

D. Gear F 



A. 2 to 1 

B. 3 to 1 

C. 6 to 1 

D. 12 to 1 



3. Which gear always turns in the 
same direction as gear A? 



6. From the picture, \diat is this 
gear train designed to do? 



A. Gear B 

B. Gear C 

C. Gear E 

D. Gear F 



A. Decrease speed 

B. Increase speed 

C. Increase power 

D. You cannot tell 



Ebcercise 22 



SEEING THINGS IN THREE DIMENSIONS 
(3-D Visualization— Part 3) 



The drills in this exercise are a continuation 
of the 3-D visualization prohlems contained in Part A. 

For each problem in this exercise , there will 
be a drawing of a flat piece of metal at the left. 
There are five objects at the right. Only one of the 
objects shown can be made from the piece of metal. 

Select the object that can be made from the 
piece of metal. The solid lines show hov>j the metal 
is cut. The dotted lines show how the metal is to 
be folded. No parts overlap. No parts are folded 
inside of other pa 2 -ts. 

When your teacher tells you, turn t'p page 
and start the exercise. Circle the letter under the 
box containing the correct drawing. 
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Drill 1 






3 






71 

-y 






<D^ 


/N 




J 


A B C D E 








] 


1 1 


lO 




A B C D E 

V 


< 

1 


> 

> 










|0 

n' 


>s 

si 



ABC D E 



4 





iCfci 




iO> 





A B C D 



E 




Exercise 23 
Part 1 

XHE EOim-CnrCIE DIESEL ENGINE 




These drawings shcnr tine operation of a four-cyc'.e diesel 
engine. The four strokes (or cycles) are the Intake stroke, the 
compression stroke^ the power stroke^ and the exhaust stroke. 
These are very much like the four strokes of a four-cycle gaso- 
line engine. 

The diesel engine does not have a carburetor. Only air 
enters the cylinders on the Intake stroke. In the left drawing 
you can see the open intake valve where the air goes Into the 
cylinder from the left. 

On the compression stroke^ squeezing the air Into a small 
space causes It to get very hot. The second drawing shows the 
piston moving up to compress the air. The cong^resslon Is much 
greater In a diesel engine than In a gasoline engine. 

Next.-, fuel is injected into the cylinder. The middle 
drawing shows the fuel being injected into the very hot com- 
pressed air. The heat ignites (sets on fire) the fuel-and-air 
mixture. 



o 
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Exercise 23 
Part 1 






In the gasoline engine, a spark from a spark plug is used 
to ignite the fuel- and- air mixture. The diesel engine does not 
need a spark plug, ®ie hot air and the diesel fuel ignite just 
by coming in contact with each other. 

In burning, the mixture gets very hot and tries to expand in 
all directions. The next drawing shows the piston being pushed 
down by the pressure from the burning fuel. This stroke is the 
power stroke. 

The right-hand drawing shows the exhaust stroke. Notice that 
the piston is moving up again. The burned mixture is forced out 
through the open exhaust valve. 



QUESTIONS 



These q;uestions refer to the diagrams of the four-cycle diesel 
engine. Put a circle around the letter in front of the correct answer. 



1, During the power stroke, the 
piston is forced down by 

A, the flywheel, 

B, the pressure from the burning 
fiel-and-air mixture, 

C, The injection of fuel, 

D, the cooling of the air, 

2, The fuel is injected 

A, on the intake stroke, 

B, before the compression stroke, 

C, just after the air is 
compressed , 

D, after the power stroke. 



4, Nhich way does the piston move 
on the compression stroke? 

A, Clockwise 

B, Counterclockwise 

C, IJp 

D, Down 

5, When the fuel is injected 

A, both valves are closed, 

B, both valves are open, 

C, only the intake valve is 
open, 

D, only the exhaust valve 
is open. 



3- 



Which way does the piston move on 
the intake stroke? 



A, 

B, 

C, 

D, 



Clockwise (O 
Counterclockwise 

Up 

Down 




6, What enters the cylinder on 
the intake stroke? 

A, Puel-and-air mixture 

B, Ihel only 

C, Air only 

D, Neither fuex nor air 
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Exercise 23 
Part 2 



A GASOUME maim fuel system 




nils diagram shows the fuel system for a six-wheel truck. It 
is very similar to the fuel system on most gasoline-driven vehicles. 

!Ih 3 main parts of the system are the fuel tank^ fuel gauge ^ 
fuel line, fuel filter, fuel pump, carhiiretor, air cleaner, controls, 
etc. All of these parts are needed to supply the engine wxth a 
combustible mixture of gasoline and air. 

You can follow the flow of the gasoline through the system by 
following the arrows in the diagram. The dotted line shows how the 
electrical wiring runs which connects the tank unit and the panel 
unit of the fuel gauge. In this fuel gauge sys^jtem there is a fuel 
gauge dial on the instrument panel and a measuring unit at the tank. 
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Exercise 23 
Part 2 



QUESTIONS 



These questions refer to the diagram of the gasoline engine 
fuel system. Put a circle around the letter in front of the correct 

ansver . 



1. The supply of fuel is 
stored at 

A. point A. 

B. point B. 

C. point C. 

B. point D. 

2. The drawing shows a fuel 
gauge on the 

A. fuel puinp. 

B. instrument panel and 
another on the fuel tank. 

C. fuel filter. 

D. pump tube . 

3. The fuel gaiige panel unit and 
the fuel gauge tank unit are 
Joined by a 

A. filter tube . 

B. union. 

C. hose. 

D. wire . 



k, When it leaves the fuel pump, 
the fuel goes to the 

A. fuel filter. 

B. fuel tank. 

C. tube to the carburetor. 

D. tank filter cap. 

5. Which of the following is not 
connected directly to the 
carburetor? 

A. Throttle control button 

B. Choke control button 

C. Accelerator pedal 

D. Union 

6. Which of the following gasoline 
tubes is divided into two parts? 

A. Fuel tank to filter tube 

B. Pi.lter to pump tube 

C. Pump to carburetor tube 

D. None of the above 
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Exercise 23 
Part 3 



A simple: door bell 




Most slnrple '^‘’oor bells are made very much lUte the picture 
here. They all have an electromagnet, an armature with a clapper 
attached, and a col act point. 

When someone presses the door bell button, current flows in 
the wire throu^ the electromagnet. This draws the armature 
te ird it. Tbe clapper strikes the bell as the armature moves. 

However, something else happens when the armat\ire moves. 

One side of the contact point is also attached to the armature. 
When the armatiare moves, this contact point opens. This breaks 
the flow of current going to the electromagnet. 

When the current stops flowing in the electromagnet a spring 
pulls the armature back to where it started from. This motion 
closes the contact eupd the current flows again to the electro- 
magnet. When the electromagnet is magnetized by the current the 
armature is pulled towaiTd it again. This causes the clapper to 
hit the bell once more. The contact points are again pulled 
apart, r^eatlng the whole process once more. 
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Bxercise 23 
Part 3 



/ 

/ 



This alternate opening and closing of the circuit vill 
continue as long as the door hell "button is pushed* 



QUESTIONS 



These questions refer to the diagram of the sltople 
door hell* Put a circle around the letter in front of the 
correct answer* 



1* One side of the contact point is 
attached to the armature* Nhat 
is the other idde of the contact 
point attached to? 

A* The clipper 
B* The electromagnet 
C* A spring 

D* The base of the hell 

2* Nhat causes the armature to 

return to its starting pof^ition: 

A* The clapper 
B* The fixed contact point 
C* The electromagnet 
B* The spring 



3* When the door hell button 
is first pushed, the contact 
points are 

A* closed* 

B* open* 



k. Which of the following is not 
in the electric circuit? 

A* The door hell button 
B* ®ie armature 
C* ®ie electromagnet 
D, The clapper 
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Exercise 23 
Part 4 



A SIMPLIFIED CARBUEEZOR 



AIR HORN 




A cartijretor is one of the essential parts of a gasoline 
engine. The drawing shows a greatly simplified carburetor . 

Only the basic parts are shown. 

The carburetor mixes the gasoline and aii by means of 
atomization. Atomization means breaking a liquid down into 
very tiny particles. 

One of the parts of a carburetor is a venturi. This is an 
hourglass-shaped restriction placed in the air horn. All the air 
going into the engine intake manifold and the engine cylinders 
passes throu^ the air horn. 

The purpose of the venturi is to create a partial vacum at 
the outlet nozzle. The nozzle can be seen ii. the diagram sticking 
into the venturi, !Hie partial vacuum allows the atmospheric 
pressure on the surface of the gasoline in the float bowl to force 
the gasoline out through the nozzle, Hhe nozzle atomizes tue 
gasoline into the passing air to form the fuel-air mixture. 
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Exercise 23 

Part 4 



QUESTIONS 



These questions refer to the diagram of the simplified 
carburetor* Put a 'circle around the letter in front of the 
correct answer* 



1* At what point is the pressure the 
least? 

A* Point A 
B* Point B 
C* Point C 
D* Point D 

2* The venturi is between the 
air horn and the 

A* nozzle 
B* carburetor* 

C* manifold* 

D* float bowl* 



3* Which of the following 
atomizes the gasoline? 

A* Die nozzle 
B* The float bowl 
C* The air horn 
D* Atmospheric pressure 

4 * Which part of a carburetor 
is shaped like an hourglass? 

Ao The float bowl 
B* The nozzle 
C* The air horn 
D*. The venturi 
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This is an experimental *book3Let intended to 
help yomig people learn basic principles and 
concepts of mechanics and technology by means of 
a series of aptitude training exercises* The 
exercises are similar to aptitude tests except 
that an explEmation is provided of the underlying 
principle governing a particular class of items^ 
as well as the correct answer. 

This boolElet is part of the curriculum and 
materials for teaching basic vocational talents 
being prepared under Contract QE-5*S5"023 with 
the United States Office of Education. 

Comments and suggestions will be appreciated* 

Address all correspondence to: 

Dr. John T. Dailey^ Director 
Education fiesearch Project 
The George Washington University 
H66 19th Street, N.W. 

Washington, D.C. 20036 
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